Rationale: Poor functional status is common after critical illness, and can adversely impact the abilities of intensive care unit (ICU) survivors to live independently. Instrumental activities of daily living (IADL), which encompass complex tasks necessary for independent living, are a particularly important component of post-ICU functional outcome.
Each year, millions of patients survive critical illness (1-3) but often experience new and persistent physical, psychiatric, and cognitive, impairments (4) (5) (6) (7) (8) (9) (10) , collectively known as the "post-intensive care syndrome" (11, 12) . Cognitive impairments after critical illness are often severe, and adversely affect complex cognitive functions (e.g., memory and executive function) that are essential for day-to-day functioning (13, 14) . Physical impairments are also present in many patients (6, 15, 16) , and include deficits such as neuromuscular weakness and impaired pulmonary function (6, 7) . Psychiatric symptoms are wide-ranging, including depression (7, (17) (18) (19) (20) (21) , anxiety (7, 9, 10, 19) , and posttraumatic stress disorder (21) (22) (23) (24) . Many patients never return to their preillness functional baseline (7, 23, 25, 26) . Each of these types of impairments is associated with long-lasting impairments in daily functioning.
Assessment of functional abilities after critical illness is crucial as functional impairments may interfere with the ability to live independently. Various approaches are available to assess functional outcomes after critical illness, including measures of strength and mobility, and assessment of activities of daily living (ADLs). Activities of daily living involve one's ability to complete simple daily tasks such as bathing, dressing, and feeding, whereas instrumental activities of daily living (IADLs) involve more complex tasks such as financial and medication management, driving, shopping, house cleaning, and meal preparation. ADLs and IADLs are both essential to patient functioning and ability to live independently (27) , and dependencies are associated with cognitive and physical impairments (28, 29) . IADL dependencies reflect higher order functional impairments due to the cognitive demands required for successful task completion (30, 31) . Further, IADL dependency is associated with a wide range of cognitive impairments (14, 28, 29) , and new IADL dependency predicts future decline in cognitive function (30) . Thus, IADLs represent a clinically meaningful postdischarge outcome in intensive care unit (ICU) survivors (30, 32, 33) .
Impairments in IADL have been increasingly evaluated in ICU survivors (2, 34) . Hence, our objectives were to synthesize existing data to (1) assess the prevalence of IADL impairments in survivors of critical illness, (2) describe the type of IADL dependency and changes in IADL dependency over time, and (3) identify risk factors associated with IADL dependency after critical illness.
Methods
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (35) were followed for reporting this systematic review.
Search Strategy
We searched using PubMed, CINAHL, the Cochrane Library, SCOPUS, and the Web of Science through December 31, 2016 (see APPENDIX 1 in the online supplement). Our search strategy focused on articles that assessed IADLs in adult survivors of critical illness, using keywords associated with "critical illness/intensive care" and "IADL" and "functional outcomes" as per the eligibility criteria below. The initial search was limited to human studies and the English language, except for the Cochrane Library (which did not allow language limitation). Additional articles were identified from reference lists of eligible studies and personal files.
Article inclusion criteria were as follows: (1) study population of adult ICU survivors, and (2) assessment of IADLs (complex skills that support living independently), using a validated instrument designed specifically to evaluate IADLs. We excluded studies that (1) enrolled specific ICU populations, such as neurological (e.g., traumatic brain injury or subarachnoid hemorrhage) or cardiac surgery patients; (2) primarily specialty ICU; (3) had sample sizes less than 10 at follow-up; or (4) were not peer-reviewed, including published abstracts and dissertations.
Study Screening and Data Extraction
Each citation was independently reviewed for eligibility by two trained researchers (M.R.S. and R.O.H.) via review of titles and abstract, and then full text articles. Disagreement regarding eligibility was resolved by consensus. Relevant data were extracted for eligible articles by the same researchers and included study design, study setting, patient characteristics, instruments used, and relevant outcomes. Variables related to IADLs were coded and categorized using the Patient Reported Outcomes Measurement Information System (PROMIS). The PROMIS system was developed by the National Institutes of Health and includes a structure to guide research about physical, mental, and social aspects of health and to identify which outcomes are important to patients (www.nihpromis.org) (36, 37) .
Results

Study Selection
The search yielded 991 citations (Figure 1 ) After removal of duplicate records, screening of titles and abstracts, and identification of 23 additional studies from reference lists and personal files, 50 eligible full-text articles were evaluated for inclusion. Thirty-six articles were excluded as 29 did not include post-ICU IADL assessment using a validated measure and seven described nonadult ICU survivors. Of the 17 remaining articles, one study (38) was excluded as it reported identical data to a previous publication from the same cohort (6, 39) , resulting in 16 studies of unique patient cohorts in this review (2, 17, 18, (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (Figure 1 and Table 1 ).
Study Characteristics
Of the 16 included studies, 11 were conducted in the United States, four in Europe, and one in South America (Table 1) . Fifteen studies (94%) involved a prospective cohort design and one was a randomized controlled trial. Eleven (69%) studies were conducted in a single institution and five studies were conducted in multiple institutions. Nine studies (56%) were published since 2010.
Participants and Follow-Up
The 16 studies enrolled 4,723 patients with a mean (SD) sample size of 315 (270) (range, 21-826) patients (Table 1) . Sixty-five percent of enrolled patients completed the IADL assessment, with sample sizes ranging from 21 to 499 patients (mean [SD], 191 [176] ). The mean (SD) time to follow-up was 12.9 (7.9) months (range, 2 to 24 mo) ( Table 1) , with eight studies (50%) having 2-or 3-month follow-up, six (38%) with 6-month follow-up, seven (44%) with 12-month follow-up, and five (31%) with 48-month follow-up. Ten studies assessed IADL at two or more time
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points (six studies with more than two follow-up times).
Instrumental Activities of Daily Living Measures
Three different IADL questionnaires were used: the Lawton IADL questionnaire (Lawton IADL) (31) in 11 studies (69%), the Pfeffer Functional Activities Questionnaire (FAQ) (51) in four studies (25%), and the 2012 Health and Retirement Study Core Interview Questionnaire Section G (52) in one study (6%) ( Table 2) The Lawton IADL is an eight-item questionnaire that assesses the following eight tasks: using the telephone, shopping, housekeeping, washing laundry, food preparation, using public transportation, managing medications, and managing finances. Lawton IADL scores range from 0 to 8, with lower scores indicating greater dependence (31) . The FAQ is a 10-item questionnaire that assesses tasks needed to live independently, including managing finances, assembling tax records or papers, playing a game or working on a hobby, preparing balanced meals, using the stove, shopping, remembering current events, paying attention to and understanding television or a book, remembering appointments, and traveling. Items are scored 0 ("independence"), 1 ("difficulty, but can complete without assistance"), 2 ("difficulty requiring assistance"), or 3 ("complete dependence"), with FAQ scores ranging from 0 to 30. A cut-point of 9 (dependent in three or more activities) indicates impaired function. The Health and Retirement Study Core Interview Questionnaire Section G assesses the total number dependences for six ADLs (bathing, dressing, walking, eating, getting in and out of bed, and toileting) and five IADLs (preparing a hot meal, shopping for groceries, making telephone calls, taking medications, and managing money) (52) with scores ranging from 0 (no assistance required) to 11 (assistance required in all areas).
Definitions of Instrumental Activities of Daily Living Dependency
Definitions of IADL dependency varied widely between studies, even when identical IADL measures were used ( Table 2) . Scores for defining IADL dependency varied from a single category of dependency to absolute numeric scores. This variability made crossstudy comparisons difficult, despite use of similar measures. These differences in IADL instruments and dependency definitions precluded meta-analysis of these data.
Pre-ICU Instrumental Activities of Daily Living Dependency
Twelve studies (75%) reported data on pre-ICU IADL dependency (2, 17, 18, 40, 42, 43, (45) (46) (47) (48) (49) (50) (Table 2) , with results ranging from 7 to 85%, but nine studies did not report percentage for either pre-or post-IADL dependency. Pre-ICU IADL dependency was significantly associated with post-IADL dependency in two of 12 studies (16%) (18, 43) . One study reported that mild or moderate pre-ICU IADL dependency correlated with post-ICU IADL dependency; however, this was not the case for severe pre-ICU IADL dependency (2). Pre-ICU IADL dependency was also associated with an increased risk of early death post-ICU (43, 48, 49) .
Post-ICU Instrumental Activities of Daily Living Dependency
Eleven studies (69%) reported that survivors of critical illness experience new or worsening IADL dependencies (Table 1) . Post-ICU IADL dependencies ranged from 5 to 70% at the furthest time point measured (17, 18, 39, 40, 42, 43, 45, 47, 50) (Table 1) . Most studies did not describe the specific type of IADL dependencies. Using the Lawton IADL questionnaire, Bienvenu and colleagues (17) reported that survivors were dependent in the following IADL areas: 70% for housekeeping, 60% for shopping, 51% for traveling, 49% for doing laundry, 43% for preparing food, 42% for managing finances, 30% for medication management, and 10% for using the telephone. Using the FAQ, Jackson and colleagues reported that the greatest IADL dependencies occurred in memory, financial management, making travel arrangements, and traveling.
Risk Factors for Instrumental Activities of Daily Living Dependency
There were few consistent associations between risk factors and IADL dependency (Table 3 ; and see Table E1 in the online supplement). For example, three of five studies showed a positive association between older age and IADL dependency (18, 34, 46) . One of three studies showed a positive association with ICU delirium and post-ICU IADL dependency (40) . Both studies evaluating mechanical ventilation demonstrated an association between longer duration of mechanical ventilation and increased IADL dependency (44, 47) .
Change in Instrumental Activities of Daily Living Dependency over Time
All studies reported an increase in IADL dependency from the pre-to post-ICU Data are a selected subset of the Quality of Life Study data (data from caregiver and matched patient) that report 1-yr outcome data. These patients are included in the total number of patients we reported, as it is not possible to know the overlap between Quality of Life and Cox studies. Percentage of patients whose scores increased, showed no change, or decreased from pre-ICU to follow-up Chelluri et al. SYSTEMATIC REVIEW 
SYSTEMATIC REVIEW
Only two studies reported data on the individual domains of IADL function. Data on the type and severity of specific functional impairments is required to develop appropriate interventions. Four studies longitudinally assessed IADL dependency, with all four demonstrating a decrease in dependencies over time in the majority of survivors (17, 18, 42, 50) , but these studies did not report a standardized cutoff or minimal important difference, and little change was noted from 12 to 24 months in a single study (17) . Studies to determine the minimal important clinical difference for IADL instruments in survivors of critical illness are needed.
Our review suggests that various risk factors may increase ICU survivors' risk of post-ICU IADL dependencies, but there were few consistent associations with any of the variables reported. For example, older age was associated with post-ICU IADL dependency in three studies (18, 43, 46) , whereas two studies did not find a similar relationship (41, 49) . IADL dependency was not consistently associated with illness severity or other markers of critical illness. This lack of consistent association may be because some studies were underpowered to demonstrate significant associations with pre-ICU or ICU factors and IADL dependency. Finally, pre-IADL dependency was associated with an increased risk of death after ICU discharge (43, 48, 49) .
We found that delirium, and post-ICU cognitive and functional impairments, are variably associated with post-ICU IADL dependency, as one study demonstrated increased IADL dependency (40) and two demonstrated no relationship (18, 42) . Delirium is a reported risk factor for IADL dependency in other populations. For example, in a prospective cohort study of patients undergoing cardiac surgery, postoperative delirium was independently associated with IADL decline at 1-and 12-month follow-up after adjusting for age, comorbidity, baseline function, and cognitive function (56) . The lack of consistent association may relate to the limited number of small cohort studies that have evaluated the relationship between delirium and IADL dependency.
Cognitive impairment adversely affects independent performance of IADLs, especially in areas such as shopping, food preparation, use of public transportation, and management of medications and finances. Only one study assessed the relationship between cognitive impairments and post-ICU IADL dependency and found that 22% of ICU survivors had IADL dependencies that were associated with cognitive impairment (34) . This finding parallels previous reports in non-ICU populations, particularly the elderly. For instance, in mild Alzheimer's disease, executive dysfunction is a key contributor to IADL dependence after accounting for memory impairment (57) . In elderly community-dwelling individuals, cognitive impairment was associated with IADL dependence, and worse cognitive function was associated with higher dependence and had a greater impact on independence (58). Better cognitive function was associated with fewer IADL dependencies in 1,095 healthy nondemented community dwellers (59) . Finally, a study of hospitalized patients found that a one-point worse score on a cognitive screening test was associated with a 1.5-fold increase in development of new IADL dependencies (60) . Assessment of functional dependence should be a research priority given the large numbers of ICU survivors that develop cognitive impairments.
The association of physical, cognitive, and psychological deficits with a patient's ability to function independently and resume daily function has received little attention until recently. Including IADLs as (62, 63) . Needham and colleagues found that muscle strength impairments were significantly less than impairments in 6-minute walk distance or the SF-36 Physical Function self-reported outcome, reinforcing that factors other than muscle weakness contribute to poor physical functioning (10) . Restoration of function, rather than an increase in muscle strength, may be what matters most to patients.
Research on IADLs and other functional outcomes should include consistency in the following areas: methods of evaluating functional outcomes, followup times, and definitions of IADL dependency. IADL reporting often is patient-based reporting, which may have limitations. Other methods are feasible, including direct assessment and proxybased reporting. Direct assessment of functional status is an approach used in more traditional rehabilitation contexts, in which IADLs are assessed via direct observation of task performance (e.g., cooking, managing finances, etc.) as opposed to patient self-report on their adeptness at these tasks, which is often limited by patient lack of awareness or cognitive impairment. Such an approach would require in-person assessment, and may not always be feasible. Alternatively, proxy-based reporting may provide additional information that assists in assessment of patient cognitive impairment and correlates with patient reports (43) . Future studies should also assess cognitive and psychiatric functioning (depression, anxiety, posttraumatic stress disorder) and their association with IADL dependency in ICU populations. As existing research (R24HL111895; see www.improvelto.com) progresses with development of a minimum "core outcome set" (64, 65, 66) of measures used for all important outcome domains in all research studies evaluating patients postdischarge, this type of future research may be more feasible.
Conclusions
We identified only 16 studies evaluating IADL dependency in survivors of critical illness. Even when the same widely used, reliable, and valid instrument was used, comparisons between studies were difficult because of variable definitions of IADL dependency. New or worsening IADL dependency was present and persisted months to years after ICU discharge for most survivors. There was little evidence supporting any consistent association of risk factors with IADL dependency. Longitudinal data are sparse; hence, trajectories of IADL recovery are difficult to interpret. The relationship between cognitive impairment and IADL dependencies, which has been consistently reported in other populations, is lacking in studies of ICU survivors. Studies with rigorous methods are necessary to assess whether interventions will alter IADL dependency in ICU survivors. n Author disclosures are available with the text of this article at www.atsjournals.org.
